Introduction
With the permeation of emerging technologies into human beings' daily life, various advantageous novel materials are transforming lifestyles gradually, which are quite more convenient and efficient. Thereinto hydrogel material with multifunctions contributes greatly in various fields, for instance, bio-related materials, [1] [2] [3] mechanical engineering [4, 5] , and stimuli-responsive devices [6, 7] . Based on the listed fields above, cell adhesive ability, self-healing property, and biocompatibility could account for its suitability on wound dressing and other biological and medical applications. [8] Besides, excellent tensile and compression property of hydrogel materials are also anticipated, for this reason that which could support some engineering-related fields. Moreover, the pH/temperature stimuli-responsive character and conductivity are demanded to satisfy the practical use in sensors and detectors. [9, 10] Among all these important research directions listed above, bio-related applications based on functionalized hydrogel are frequently investigated, in which wound dressing is the most continually studied platform. However, traditional hydrogels are hampered by their low uniformity of structure and lack of energy dissipation, [4] which further lead to low mechanical property, weak adhesion, and low-efficiency self-healing performance. Thus, functionalization of hydrogel materials becomes extremely necessary for adapting to broader application.
In the reported literatures, hydrogels were targeted-functionalized by several methods aiming at applying on specific biological fields. For instance, Yang et al. constructed hybrid polyacrylamide-chitosan double-network (PAM-CS DN) hydrogels by postformation of CS microcrystalline, and subsequent chain-entanglement physical networks are applied via treatment of the PAM-CS composite hydrogels in NaOH and NaCl solutions, for the purpose of obtaining high tensile strength, ultrahigh toughness, excellent load-bearing capacity, and remarkable anticrash capacity. [11] Liu's research group developed an ultra-tough and self-healing hydrogel through hydrogen bonds and dynamic Schiff cross-linking between dopamine-grafted oxidized sodium alginate (OSA-DA) and polyacrylamide (PAM) chains that is actually a combination of physical and chemical cross-linking, and they also investigated the unique cell affinity and tissue adhesiveness on wound dressing. [12] Although hydrogels with extraordinary mechanical properties have been developed thoroughly, [13, 14] the brittle bonding force between hydrogels and human being's skin becomes a barrier for its further medical application. Recently, intense efforts have been devoted to the development of tough hydrogel-solid interfaces on both porous and nonporous surfaces. [15, 16] Especially, Zhao's group reported a strategy to design tough, transparent, and conductive high water-content synthetic hydrogels that can adhere to nonporous surfaces of diverse solids by anchoring the long-chain polymer networks of tough hydrogels covalently to the solid surfaces, and the values of interfacial toughness can reach over 1000 J m À2 . [17] However, up to now, the reported strategies to functionalize hydrogel for the purpose of enhancing adhesion property, as well as endowing novel performances, were still out of simplification and efficiency. Herein, for the first time we developed a facile method to fabricate ultra-tough hydrogel by the doping of plasmonic quantum dots in the hydrogel system, which could induce the multifunctionalization of PNIPAM hydrogel, including excellent photothermal conversion, Functional hydrogel is becoming a frequently used material in various fields, especially in biological and medical applications. In order to overcome the barriers of low uniformity of structure and lack of energy dissipation effect in common hydrogel, in this work a strategy of doping plasmonic H x MoO 3 quantum dots into PNIPAM (poly (N-isopropylacrylamide)) hydrogel to proceed its multifunctionalization is developed. This quantum dots-induced tactic could effectuate the enhancement of photothermal conversion, mechanical property, adhesion, and self-healing performance simultaneously. In particular, for adhesion performance, the toughness value could be elevated to over 2500 J m À2 efficiently. Further, the enhancement mechanism behind the extraordinary adhesion performance is studied, and it can be contributed to the synergistic effect of pore structure regulation and abundant hydrogen bond, which are both beneficial to the interaction between composite hydrogel and solid surface. Subsequently, based on its extraordinary adhesion and self-healing performance, the applicability of H x MoO 3 /PNIPAM hydrogel as a MØ growth substrate is investigated on wound dressing, and the experimental result demonstrates its excellent MØ growth-promoting activity. ultrahigh adhesion, and efficient self-healing performance. Furthermore, the H x MoO 3 /PNIPAM hydrogel was applied on MØ growth and promoting activity tests as well, our experimental results revealed its suitability as a MØ growth substrate in wound dressing.
Result and Discussion

Synthesis and characterizations
A typical preparation strategy in this work is composed of two steps, the fabrication of plasmonic H x MoO 3 quantum dots and the preparation of H x MoO 3 /PNIPAM composite hydrogel, as shown in Figure 1a . Generally, plasmonic H x MoO 3 quantum dots is fabricated by an exfoliation-oxidation-illumination route. [18] Firstly, after 2h sonication in ethanol/H 2 O solvent, the MoS 2 solution was mixed with 30% H 2 O 2 solution for subsequent reaction. Furthermore, the mixed solution was transferred into supercritical CO 2 (SC CO 2 ) high-pressure reactor to accomplish the exfoliation and oxidation processes, in which MoS 2 nanosheets can transfer to MoO 3 quantum dots. During this process, SC CO 2 molecules could carry H 2 O 2 molecules to intercalate into the interlayer of MoS 2 sheets to break the van der Waals' interaction between layers; subsequently, the nanosheets were oxidized to MoO 3 nanosheets. Further these MoO 3 nanosheets were attacked by CO 2 molecules to form MoO 3 quantum dots. Eventually, the MoO 3 quantum dots solution were illuminated under sunlight for 5h, then H + ions in the solution could combine with MoO 3 quantum dots to activate its surface plasmon resonance; thus, plasmonic H x MoO 3 could be obtained.
Subsequently, the preparation of H x MoO 3 /PNIPAM hydrogel can be realized by the combination of H x MoO 3 quantum dots, clay, and PNI-PAM polymer chains. After 6h's polymerization, tough and adhesive hydrogel composite would be fabricated successfully (Figure 1b,c) . Usually, during the polymerization process of PNIPAM, as an original cross-linking reagent, clay could accelerate the polymerization of PNI-PAM, while which is still not enough for the functionalization of normal hydrogel. For the purpose of overcoming this barrier, in this work, H x MoO 3 quantum dots was applied as an assistant cross-linking agent, linking the polymer segment and facilitating the cross-bonding process of segments. Consequently, bonding force would bring a more stable structure, leading to outstanding mechanical properties. Besides, the doped plasmonic H x MoO 3 quantum dots would endow composite hydrogel some novel properties, such as photothermal conversion, adhesive property, and skin-friendly performance, which enable its potential applications on superglue, wound dressing, and other biological engineering.
The structure and bonding information of H x MoO 3 /PNIPAM hydrogel was characterized by FTIR spectroscopy (Figure 2a ). The absorption peaks at 1 006.27 and 656.29 cm À1 can be attributed to the Si-O and Si-O-Si bond of clay. [19] And the absorption peaks at 3086.85 cm À1 , 2 974.14/2 932.15/2 874.60, 1654.66, and 1457.11 cm À1 can be ascribed to the PNIPAM (N-H, CH 2 /CH, C=O, and C-N), which slightly shifted comparing with their corresponding positions in pure PNIPAM (red curve). This could properly be assigned to a partial reduction by the Lewis acid of the lone pair effect, which generates from the electrostatic combination between H + ions and MoO 3 . [20] Furthermore, XRD was carried out to study the crystal structure of H x MoO 3 /PNIPAM composite hydrogel ( Figure 2b ). It could be observed that the appearance of a weak and broad peak at the range of 20 to 30 degree, which is assigned to the interaction of orthorhombic phase of MoO 3 ( blue line) and PNIPAM hydrogel (red line), demonstrating an ultralow crystallinity of H x MoO 3 /PNIPAM hydrogel sample. [21] The morphologies of H x MoO 3 quantum dots and H x MoO 3 /PNIPAM hydrogel were characterized by TEM and SEM. Figure 3a ,b shows the as-prepared H x MoO 3 is amorphous quantum dot structure with size of 5 nm approximately (Insert in Figure 3b ). SEM characterization supplies the micro- morphology of H x MoO 3 /PNIPAM hydrogel after freezing process. Figure 3c indicates that the as-prepared H x MoO 3 /PNIPAM hydrogel network is porous structure with pore size of about 300-400 lm, which is similar to the pore size of pure PNIPAM hydrogel ( Figure  S1a ). Further, micropores with size of 5-10 lm can be observed on the surface and wall of the composite hydrogel, which are beneficial to the enhancement of mechanical property and adhesive property of the as-prepared H x MoO 3 /PNIPAM hydrogel ( Figure 3d ). [22] While for pure PNIPAM hydrogel, the size of micropores is in the range of 15-20 lm, which is larger than that of composite hydrogel ( Figure S1b ).
Photothermal property of H x MoO 3 /PNIPAM hydrogel
The photothermal conversion of the as-prepared hydrogel was verified under the radiation of an 808 nm near-infrared laser with power of It is interesting to note that, with the content of H x MoO 3 quantum dots increasing from 0 (0.00%) to 6 mg (1.90%), the temperature of composite hydrogel raises dramatically. But further increasing the amount of quantum dots from 6 (1.90%) to 9 mg (2.90%), there is no apparent temperature change. The temperature of H x MoO 3 /PNIPAM hydrogel reaches 68.4°C in 1 min at the optimal ratio (1.90% H x MoO 3 ), while the pure hydrogel showed a relatively low temperature of 23.1°C (Figure 4b ). Therefore, this excellent photothermal conversion can be applied in NIR photodetector, photocatalyst, or photothermal therapy. [23] [24] [25] Whereafter, the photothermal conversion mechanism was studied. Theoretically, plasmonic H x MoO 3 quantum dots would generate NIR photothermal effect due to a spectacular light absorption, which is related to the concentration of H x MoO 3 quantum dots ( Figure  S2 ). While when its concentration further increases, it will result in an excessive cross-linking density and tend to form an over-cross-linking hydrogel structure, thus deconstruct the ideal structure and hinder the conduction of heat. [26] Subsequently, photothermal stability test was carried out. As Figure 4c shows, after five times of light on-off cycles, the temperature of H x MoO 3 /PNIPAM hydrogel still keep a highest value of 68°C. In order to investigate the feasible application of this hydrogel, photothermal conversion test under sunlight was carried out. As Figure 4d shows, comparing with pure PNIPAM, the temperature of composite hydrogel could rise to 33°C in 2 min and it can be stable at 38°C for 10 min from an initial temperature of 22°C, which reveals its applicability in sunlightbased devices.
Mechanical performance of H x MoO 3 /PNIPAM hydrogel
For the purpose of investigating the effect of H x MoO 3 quantum dots on the mechanical performance of hydrogel material, a series of mechanical measurements were implemented, including tensile test and compression test. The tensile test result in Figure 5a reveals that as the content of H x MoO 3 increases, the H x MoO 3 /PNIPAM hydrogel could exhibit an enhanced mechanical property with a large ultimate Energy Environ. Mater. 2020, 0, 1-10 strain of 1410% ( Figure S3 ) at a tensile strength of 45.5 kPa compared with pure PNIPAM (an ultimate strain of 961% at a tensile strength of 21.4 kPa), while the tensile property reduces with the further increase of H x MoO 3 . Apart from the excellent tensile property, the stress-strain curves in Figure 5b show that the compressive property of H x MoO 3 / PNIPAM hydrogel materials can be also improved greatly, and it could sustain a uniaxial compression of up to 80% strain and can fully recover when the load is released at the optimal component ratio (Figure S4 ). Further the enhancement mechanism behind the outstanding mechanical performance can be suggested as the following. The doping H x MoO 3 quantum dots in the PNIPAM hydrogel network could play a role of cross-linking agent. Moreover, the micropores with size of 5-10 lm on the wall can help to build a tough structure, which contributes to mechanical strengthening efficiently. [27] While with the further increase of quantum dots, excessive degree of cross-linking would destruct the structure of hydrogel network, leading to a reduction of mechanical property. [28] 
Adhesion performance of H x MoO 3 /PNIPAM hydrogel
This design strategy for tough skin-hydrogel-solid bonding is applicable to multiple types of solid materials. Figure 6a -g shows the bonding force between human being's skin and four types of materials (polymer, glass, metal, and ceramic, respectively) with tough composite hydrogel as adhesive layer. It could be observed that the skin-friendly H x MoO 3 / PNIPAM hydrogel could bond both porous materials and nonporous materials together with skin toughly. In order to investigate its skin-adhesive and skin-friendly performance, tough composite hydrogel was pasted on finger with straight, bended, and twisted way, respectively (Figure 6e-g) . It can be observed that the tough composite hydrogel could adhere to skin and maintain its shape firmly and leave no residual and allergy after stripping. What's more, as Figure 6i -k and h shows, this skin-friendly hydrogel also possesses excellent transparency and tensile property under stretch, which satisfy its potential application on skin-friendly bio-related field.
We then carried out a standard 90-degree peeling test with a peeling rate of 50 mm min À1 to measure the interfacial toughness between a hydrogel sheet with a thickness of 3 mm and glass substrate. As shown in Figure 6m , the measured interfacial toughness is consistently high for the tough H x MoO 3 /PNIPAM hydrogel anchored on glass (2550 J m À2 ), which is much more intensive than pure hydrogel anchored on glass (560 J m À2 ); thus, an enhancement of adhesion performance is verified. Fantastically, the adhesion toughness of this H x MoO 3 /PNIPAM hydrogel is higher than two times of Zhao's work, with no need for the use of surface modification simultaneously, which enhances the practicability of hydrogel greatly. [17] And this enhancement mechanism could be explained by the structure regulation and chemical bonding. Two decisive factors can contribute to the enhanced adhesion property. [29] First, the doping of H x MoO 3 quantum dots could generate micro pores in the internal structure of PNIPAM, which could increase the force between nonporous surface and richporous hydrogel. Second, H x MoO 3 quantum dots would form hydrogen bond interaction with N-H, C=O, and C-N in PNIPAM to increase internal interaction in H x MoO 3 /PNIPAM hydrogel, further help to enhance the interfacial toughness.
Self-healing performance of H x MoO 3 /PNIPAM hydrogel
The self-healing performance of H x MoO 3 /PNIPAM hydrogel was investigated by a contrast experiment. As Figure 7a -f shows, after fracturing, pure hydrogel and hydrogel composite were pasted together and sustained for 5 h. It could be observed that the H x MoO 3 /PNIPAM hydrogel could maintain its shape and mechanical property, while pure hydrogel stays a fractured state. Figure 6g illustrates its self-healing mechanism. After fracturing, quantum dots have the tendency to migrate toward around the cracked area preferentially. Then, the polymer chains close to the quantum dots experience a stretching and extending process, driven by the segregation of quantum dots in the crack surface, further minimizing the quantum dots-polymer interaction and healing the cracked area. [30] 2.6. Applications
In order to explore the practical application of H x MoO 3 /PNIPAM hydrogel on account of its extraordinary performances, we put forward several tests to study its inflammatory cell growth-promoting activity. Firstly, the in vitro fibroblast cell growth test of H x MoO 3 /PNIPAM hydrogel and pure PNIPAM hydrogel was developed to verify its feasibility of being a wound dressing substrate. As shown in Figure S5 , fibroblast cell grew normally on both pure PNIPAM and H x MoO 3 /PNI-PAM hydrogel, investigating its potential application on wound dressing. Furthermore, Figure 8a gives a schematic of inflammatory cell growth-promoting test, which could be applied on wound dressing field potentially. With the assistance of the tough bonding and adhesive force of H x MoO 3 /PNIPAM hydrogel, the growth of inflammatory cell in damaged area will be promoted greatly, further accelerating the healing process of wound. Here, MØs (macrophages) were used to assess the inflammatory cell growth-promoting activity of H x MoO 3 /PNIPAM hydrogel. For the purpose of investigating the MØs proliferation and distribution in the pure hydrogel and H x MoO 3 /PNIPAM hydrogel, the CLSM was applied in a 3D mode, and the results are displayed in Figure 8b- Energy Environ. Mater. 2020, 0, 1-10 due to the exceptional tissue adhesiveness of H x MoO 3 /PNIPAM hydrogel, the wound area can be protected from microorganisms and prevented from contaminations or infections. Meanwhile, the wet environment created by the H x MoO 3 / PNIPAM hydrogel is beneficial to wound healing and skin renewing without formation of scabs or inflammation. [31] Secondly, the tough adhesiveness of the hydrogel is more supportive to cell adhesion, growth, and migration compared with pure hydrogel. For the third reason, the porous structures and pore scales are additional factors that contributed to the MØ growth. [12] It has been proved that the nanoscale pores may have positive influence on various cell behaviors, such as adhesion and proliferation, resulting in an enhanced MØ growth. [32] Thus, these properties make the H x MoO 3 /PNIPAM hydrogel a promising material in wound dressing and other biological applications.
Beyond the potential application on wound dressing, this extraordinary adhesiveness endows H x MoO 3 /PNIPAM hydrogel the possibility on several applications related to mechanical engineering fields. Owing to its simplicity and versatility, this design strategy for tough H x MoO 3 /PNIPAM hydrogel can potentially enable a set of unprecedented functions of hydrogel-solid hybrids. For example, as Figure S6 shows, the tough hydrogels can be used as soft, wet, and biocompatible superglues for nonporous surface, such as glass, polymer, and metal. Particularly, the tough H x MoO 3 /PNIPAM hydrogel could easily sustain metal with a weight of 121.90 g and slide between two blockshaped metals without dropping as Video S1 shows. Thus, it can be seen that this tough hydrogel-solid bonding can optimize the functions of commonly used hydrogel coatings, which are usually fragile and impressionable to debonding.
Conclusion
In summary, for the first time, a facile strategy to fabricate H x MoO 3 / PNIPAM hydrogel with strong multifunction such as excellent self-healing behavior, adhesion, photothermic conversion, and enhanced mechanical property with a large ultimate strain of 1 410% at a tensile strength of 45.5 kPa has been developed. Our experiments confirm that hydrogen-bonding interaction between long-chain polymer networks and plasmonic quantum dots can bring an enhanced degree of cross-linking, further it can generate abundant micropores to obtain an ideal polymer network. And the micropores structure and tough hydrogen bond interaction could contribute to reinforcing interfacial force between hydrogel and nonporous surface, hence strengthen the adhesion property. Further the as-prepared H x MoO 3 /PNIPAM hydrogel exhibits it could achieve ultra-tough bonding to various materials' surfaces and human being's skin with interfacial toughness values over 2 500 J m À2 on nonporous surface. Further, based on its extraordinary adhesion and self-healing performance, the H x MoO 3 /PNIPAM hydrogel was applied on MØ growth-promoting activity test, and the experimental result revealed its suitability as a MØ growth substrate in bio-related fields. Therefore, it could be anticipated that this multifunctional hydrogel would expand broad applications in various fields, for instance, wearable devices, NIR photothermal therapy, and NIR light-driven devices in the near future.
Experimental Section
Materials: MoS 2 powder was provided by Sigma-Aldrich (Fluka, product number 69860). Hydrogen peroxide (H 2 O 2 ) 30% aqueous solution was purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Ethanol in analytical grade was purchased from Sinopharm Chemical Reagent Co., Ltd. and directly used owing to its analytical grade. CO 2 with a purity of 99.99% was purchased from the Zhengzhou Shuangyang Gas Co. Deionized water was prepared with double-distilled water. N-Isopropyl acrylamide (Aladdin, 98%) and synthetic hectorite clay of Laponite-XLS (Rockwood Ltd, sol-forming grade, 92.32 wt% of Mg 5.34 Li 0.66 Si 8 O 20 (OH) 4 Na 0.66 and 7.68 wt% of Na 4 P 2 O 7 ) were all commercially supplied. Initiator potassium persulfate (KPS) and N,N,Nʹ',Nʹ'-tetramethylethylenediamine (TEMED) catalyst were purchased from Sinopharm Chemical Reagent Co., Ltd.. NIPAM and KPS were used after recrystallization. All other reagents were of analytical grade and used without further purification.
Preparation of H x MoO 3 quantum dots:
The fabrication of H x MoO 3 quantum dots is prepared as reported previously. [1] MoS 2 powder (50 mg) was dispersed into the aqueous solution (10 mL) with an ethanol fraction of 30%. The mixed solution was sonicated for 2 h to make it have a good dispersity. Then, 1.5 mL 30% H 2 O 2 was mixed with 8.5 mL of the prepared solution to form a reaction system solution. The mixed solution was quickly transferred into the supercritical CO 2 apparatus composed mainly of a stainless-steel autoclave with a heating jacket and a temperature controller. The autoclave was heated to 40°C and CO 2 was injected into the autoclave until to a required pressure (17 MPa). Then, CO 2 was released by a placid speed after 3h. Subsequently, the reacted solution was centrifuged at 3820 9 g for 20 min to remove aggregates, and the supernatant was collected for the further reaction and characterization.
Preparation of H x MoO 3 /PNIPAM hydrogel: Firstly, 250 mg NIPAM monomer and quantum dots with different amounts (1-9 mg) was mixed into 1 mL water under stirring force. Subsequently, 1.25 mL clay aqueous solution (32 mg/mL) was added into the prepared solution. Then, the mixed solution was stirred for 30 min under ice bath and N 2 bubbling to remove the air dissolved in the mixed solution. Afterward, 0.25 mL KPS solution (20 mg/mL) was added into the mixed solution to trigger the polymerization reaction, after 5 min, 3 lL TEMED was added to assist the initiation reaction. Finally, the mixed solution was stewed under 20°C for overnight to complete the polymerization process to obtain H x MoO 3 /PNIPAM hydrogel. As a blank control, pure hydrogel (Clay/PNIPAM hydrogel) was fabricated under same condition without the addition of H x MoO 3 quantum dots. Table 1 shows the weight ratios of each component in this system (wt%) as the content of H x MoO 3 (mg) varies:
Photothermal measurement: The photothermal measurement was carried out by an 808 nm laser device. Composite hydrogels with different H x MoO 3 The compression test was carried out on a metal plate-like substrate coated with silicon oil to reduce the friction. The samples' shape is 7 mm (D) 9 10 mm (H) and the loading speed is 40 mm/min. As for the tensile test, composite hydrogels were made into rod shape with a size of 30 mm (IL: initial length) 9 5 mm (D) and the tensile velocity was 100 mm/min. The measured engineering stresses and nominal stresses were calculated by the following formula:
In this formula, F is the applied load on hydrogel material; A 0 is the initial cross-sectional area.
The engineering strain e was calculated as formula 2:
where L 0 and DL are the initial length and the measured extension length of hydrogel material, respectively. To ensure the data accuracy, all the samples were measured 3 times to obtain an average value at room temperature.
Adhesion property test: Adhesion property tests were conducted in ambient air at room temperature under natural light. The interfacial toughness of hydrogel-glass bonding was measured using a 90-degree peeling testing strategy (UTM 2203, Shenzhen Suns Technology Stock Co, Lt). Glass substrates were prepared with dimensions 5 cm in width, 8 cm in length, and 0.3 cm in thickness. Hydrogels were cured on the solid substrates with a size of 50 mm 9 30 mm 9 3 mm. All 90-degree peeling tests were performed with a constant peeling speed of 50 mm min À1 .
Self-healing test: The cylindrical hydrogel (with and without H x MoO 3 quantum dots) were cut into two pieces with equal size. Afterward, the gel surfaces of two pieces were reconnected closely and quickly in case of the evaporation of water and the interposition of air. The self-healing process would last for 5 h and the hydrogels needed to be bent and stretched to investigate its antifracturing and self-healing property.
In vitro MØs/fibroblast cell culture and characterization: Macrophages (MØs) were derived from jelly of Wharton of the neonatal umbilical cord according to a typical method previously reported. The 3rd generation of MØs and fibroblast cell were suspended in the H x MoO 3 /PNIAPM hydrogel/DMEM/ low glucose mixed solution with a concentration of 3 9 10 4 cells per mL. After mixing, the remaining supernatant was removed, and the MØs-loaded and fibroblast cell-loaded hydrogels were cleaned with phosphate-buffered saline (PBS, pH 7.4, 3 times) and cultured using fresh DMEM/low glucose complete medium (with 10% fetal bovine serum) at 37°C in a humidified atmosphere containing 95% air and 5% CO 2 . Cells were fed with freshly prepared growth medium every 12 h.
After culturing for 12 and 24 h, the MØs-loaded and fibroblast cell-loaded hydrogels were stained with acridine orange (AO) solution (AO: DMEM/low glucose = 1: 50) at 37°C for 10 min and observed under a confocal laser scanning microscope (CLSM, Nikon C2 Plus, Japan) in three-dimensional scanning mode to investigate the cell distribution and density in H x MoO 3 /PNIAPM hydrogel.
Characterization: Surface morphology and structure of the hydrogel materials (with and without H x MoO 3 quantum dots) were characterized by scanning electron microscopy (SEM, JEOR JSM-6700F). FTIR spectrometer (TENSOR 27, Bruker) was used to characterize the Fourier transform infrared spectroscopy (FT-IR) of hydrogel materials to study the bond information and functional groups. UV-Vis absorption spectra were carried out by a UV-vis spectrometer (Perkin Elmer, Shelton, CT, USA) to analyze the optical absorption of H x MoO 3 aqueous solution. The Raman spectra of the samples were recorded by a Renishaw microscope system RM2000 with an excitation wavelength of 532 nm. The XRD patterns from 5°to 80°were obtained using a D/max 2500 X-ray diffractometer (Rigaku) at a scanning rate of 8°/min with Cu Ka (k = 0.154 nm).
